Introduction
============

Non-small cell lung cancer (NSCLC), the most common type of lung cancer, has been one of the leading causes for cancer-related death worldwide [@B1]. Platinum-based chemotherapy is the standard first-line therapy for NSCLC patients. However, the overall response rate is only 25-30% [@B2], [@B3]. Drug resistance is a major obstacle to obtain successful treatment. Molecularly, multiple mechanisms have been proposed for platinum resistance [@B4]. One mechanism of resistance is reduced intracellular accumulation of platinum drug owing to the impairment of drug transport in tumor cells.

Recent studies have revealed that copper and platinum drug may share the same transporter system [@B5]. Copper transporters not only maintain copper homeostasis, but also are involved in the transport of platinum drug and ultimately contribute to platinum resistance [@B6]-[@B8]. ATP7B, a copper efflux transporter, has been demonstrated to deliver platinum drug out of cells. Over-expression of ATP7B has been observed in multiple cancers. Moreover, the expression of ATP7B is associated with the response to platinum-based chemotherapy in patients with ovarian cancer or several other cancers [@B9]-[@B14]. Currently, only a limited number of studies have focused on the role of ATP7B in platinum resistance in NSCLC patients, resulting in highly conflicting results [@B15]-[@B17]. This indicates the need for further studies to clarify the clinical significance of ATP7B in NSCLC patients. On the other hand, most studies have focused on protein expression, and the value of *ATP7B* gene polymorphisms has not been fully addressed. It has been shown that single nucleotide polymorphisms (SNPs) might affect gene expression and function, accounting for interindividual differences in drug efficacy and toxicity [@B18], [@B19]. A few *ATP7B* SNPs have been reported possible role in chemotherapeutic toxicity [@B20], [@B21]. However, less is known about the effects of SNPs on the expression level of ATP7B and the response to platinum-based chemotherapy in NSCLC patients.

In the present study, we evaluated the expression of ATP7B in NSCLC tissues and genotyped 15 SNPs of *ATP7B* in 247 NSCLC patients. Moreover, the interrelationships between *ATP7B* SNPs and protein expression, and their association with chemotherapy response were explored.

Materials and Methods
=====================

Patients
--------

The 247 NSCLC patients enrolled in the study consisted of two sets: (1) 158 patients who received platinum-based chemotherapy were used to explore the interrelationships between *ATP7B* SNPs and protein expression, and their association with chemotherapy response; and (2) 89 patients who underwent surgical resection of the tumor lesions were used to further investigate the association between *ATP7B* SNPs and expression level. All patients were recruited from Xiangya Hospital, Central South University (Changsha, China) between December 2010 and December 2016.

Peripheral blood and tumor tissue were obtained from 158 NSCLC patients receiving platinum-based chemotherapy. The tumor tissues were collected via biopsy of bronchofiberscope and paraffin-embedded in the Pathology Department of Xiangya Hospital. The tumor tissues were required for evaluation of ATP7B expression by immunohistochemistry, while peripheral blood samples for extracting DNA. The details of criteria for patient recruitment and chemotherapy regimens were described elsewhere [@B22]. Briefly, those 158 cases met the following criteria: (1) All patients were histologically or cytologically diagnosed with primary NSCLC; (2) They were not given surgical or radiation treatment and/or biological therapy before and during chemotherapy; (3) They were treated with at least two cycles of platinum-based chemotherapy including cisplatin/carboplatin + gemcitabine, cisplatin/carboplatin + navelbine, cisplatin/carboplatin + docetaxel, cisplatin/carboplatin + paclitaxel, and cisplatin/carboplatin + pemetrexed; (4) They received full follow-up after treatment. Those who were having pregnancy, lactation, active infection, symptomatic brain or leptomeningeal metastases, and other previous or concomitant malignancies were excluded from the study.

89 NSCLC tissue samples from tumor resections were also included in the present study, which were paraffin-embedded in the Pathology Department of Xiangya Hospital. The cases were underwent primary surgical resection of the tumor lesions, without receiving any preoperative treatment. The tumor tissues were used for DNA isolation and immunohistochemistry.

This study was approved by Xiangya Medical Ethics Committee, Central South University (No.CTXY-110008-2). The procedures were performed according to the approved guidelines and to the 1964 Helsinki Declaration and its later amendments or comparable ethical standards. Each participant was voluntary and provided signed informed consent.

Clinical evaluation in 158 NSCLC patients receiving platinum-based chemotherapy
-------------------------------------------------------------------------------

After the first two cycles of treatment, the response of patients to chemotherapy was evaluated according to the Response Evaluation Criteria in Solid Tumor Group guidelines [@B23]. In the current study, the patients with complete response (CR) or partial response (PR) were considered as drug sensitive, whereas patients with stable disease (SD) or progressive disease (PD) were defined as drug resistance. For survival analysis, the overall survival (OS) time was calculated as the period between the date of pathological diagnosis and the date of death or last follow-up. The follow-up for the patients was updated in March 13, 2018. At that time, 112 patients died of NSCLC and 46 patients were alive.

Tumor tissue preparation and immunohistochemistry
-------------------------------------------------

All tissue specimens were collected via biopsy of bronchofiberscope or surgical resection. Appropriate regions of tumor judged by Hematoxylin and Eosin staining were selected. Immunohistochemistry was successfully performed on 247 samples. Representative 4 μm tissue sections were deparaffinized in xylene and rehydraded in graded ethanol solutions, and then subjected to heat-induced antigen retrieval by microwave treatment in citrate buffer. Subsequently, endogenous peroxidase activity was quenched by incubation in 3% H~2~O~2~/methanol solution for 20 min at room temperature, and nonspecific staining was blocked by 5% BSA for 60 min at 37˚C. The sections were then incubated overnight at 4˚C with rabbit polyclonal antibody against ATP7B (dilution, 1:250; Abcam). On the next day, the sections were washed with PBS three times, and then incubated with a biotin-labeled goat anti-rabbit antibody and peroxidase-conjugated streptavidin (Boster, Wuhan, China). The staining was visualized by using 3,3\'-diaminobenzidine tetrahydrochloride. Finally, the sections were counterstained with hematoxylin, dehydrated and mounted. Positive and negative controls were performed in each staining run.

Slides for all samples were independently evaluated by two pathologists using Leica DMI 4000B inverted microscope. The score of staining in each case was evaluated semiquantitatively as previously described [@B24]. Briefly, the staining was scored by assessing the intensity (on a 0-3 scale: 0, no staining of tumor cells; 1, weak; 2, moderate; 3, strong staining) and by estimating the percentage of positive tumor cells (on a 0-4 scale: 0, less than 5%; 1, 5%-25%; 2, 26%-50%; 3, 51%-75%; 4, more than 75%). Total score ranging from 0 to 12 was obtained by multiplying the grades of extent and intensity of staining. Scores of \<1 were considered as negative and scores of ≥1 were considered as positive levels of expression.

DNA isolation from whole-blood and tumor material
-------------------------------------------------

DNA from peripheral blood of 158 patients was isolated using the Genomic DNA Purification Kit (Promega, Madison, WI, USA) following the standard protocols. Moreover, DNA was extracted from 89 paraffin embedded tissue samples using the QIAamp DNA FFPE Tissue Kit (Qiagen, Hilden, Germany), according to the manufacturer\'s instructions. DNA was extracted from 5-10 FFPE tissue, depending on the size of the tumor region. All of DNA samples were stored at -20 °C before use. DNA concentration and quality were measured using the Biospec-nano spectrophotometer (Shimadzu, Kyoto, Japan). Given that the DNA extraction of some samples was unsatisfactory, we excluded 10 samples from 158 patients receiving platinum-based chemotherapy, such that 148 patients were used for genotyping. The DNAs of 89 tumor tissues were successfully extracted.

SNP selection and genotyping
----------------------------

According to the data from the HapMap, 1000 Genomes, or previous studies, a total of 15 potentially functional SNPs or tag SNPs with minor allele frequency (MAF) ≥0.05 in the Chinese population were selected. The tag SNP selection was performed using the Tagger program implemented in Haploview version 4.2, and the potential functional SNPs were included in present study according to the following criteria: (1) SNPs in miRNA binding sites of 3′-UTR; (2) SNPs in the 5′-UTR; (3) SNPs in splice sites and exons; (4) SNPs with a previously suggested function. Those SNPs were genotyped by the Sequenom MassARRAY system (Sequenom, San Diego, California, USA). Primers were designed by AssayDesigner 3.1 software (Sequenom, San Diego, California, USA).

Statistical analysis
--------------------

The relationship between ATP7B protein expression in tumors and clinicopathological characteristics, and that between SNP genotype and ATP7B level was evaluated using χ2 or Fisher\'s exact tests. Survival curve for OS was constructed using the Kaplan-Meier method, and log-rank test was carried out to evaluate differences between groups. Multivariate prognostic analysis was performed using Cox proportional hazards model. Unconditional logistical regression analysis was conducted to calculate the adjusted odds ratio (OR) with 95% confidence intervals (95% CI) of the association between *ATP7B* polymorphisms and chemotherapy response with adjustments for age, sex, histological type, clinical stage, and differentiation. For each SNP, three genetic models (dominant, additive and recessive models) were used for analysis. All statistical analyses were performed by PLINK version 1.07 (Cambridge, MA, USA) and SPSS 13.0 (SPSS Inc., Chicago, Illinois, USA). The *p* value was two-sided and *p* \< 0.05 was considered statistically significant.

Results
=======

ATP7B expression and treatment outcome of platinum-based chemotherapy
---------------------------------------------------------------------

To investigate the association between ATP7B expression and chemotherapy response, immunohistochemistry method was employed in 158 NSCLC patients who received platinum-based chemotherapy. The clinicopathologic characteristics of the patients were summarized in Table [1](#T1){ref-type="table"}. All of the 158 patients were treated with platinum-based chemotherapy for at least two cycles. ATP7B-positive expression was detected in cytoplasm of tumor cells in 98 of 158 (62.0%) tumors. Representative immunohistochemistry samples were shown in figure [1](#F1){ref-type="fig"}. Interestingly, patients with ATP7B-positive tumors had inferior response to chemotherapy (33.7% complete and partial response, and 66.3% no response) compared with the patients with ATP7B-negative tumors (51.7% complete and partial response, and 48.3% no response) (*p*=0.025). However, no significant association was found between ATP7B expression and age, sex, histological type, clinical stage and differentiation.

The Kaplan-Meier method was used to assess OS probability for ATP7B expression (Figure [2](#F2){ref-type="fig"}). The patients with ATP7B-positive carcinomas had poorer overall survival than those with ATP7B-negative tumors (*p*=0.044). The median overall survival of ATP7B positive and negative carcinomas was 22.4 and 29.4 months, respectively. To further evaluate the independent parameters such as clinicopathologic characteristics, a multivariate Cox proportional hazards regression analysis was performed. Expression statuses of ATP7B, gender, age, histology, clinical stage and differentiation were included as covariates in the Cox proportional hazard model. We found that in the multivariate Cox model, ATP7B expression was the only significant prognostic factor of OS after controlling for gender, age, histology, clinical stage and differentiation (HR=0.639, 95%CI=0.424-0.962, *p*=0.032) (Table [2](#T2){ref-type="table"}). Furthermore, we conducted a stepwise analysis and found that ATP7B expression was the only variable left in the final model. On the basis of above results, ATP7B expression appeared to be a predictor for treatment outcome of platinum-based chemotherapy in NSCLC patients.

Association between SNPs and chemotherapy response
--------------------------------------------------

Next, we evaluated the relationship between *ATP7B* SNPs and chemotherapy response in the 158 NSCLC patients receiving platinum-based chemotherapy. DNA was successfully obtained from 148 samples. A total of 15 SNPs were genotyped in present study. As described in Table [3](#T3){ref-type="table"}, the call rates of them ranged from 91.2 to 100% and the MAF of each SNP was \>0.05. The genotype distributions of the SNPs were in accordance with the Hardy-Weinberg equilibrium (significance threshold *p* \< 0.001).

As shown in Table [4](#T4){ref-type="table"}, after adjustment for age, sex, clinical stage, histological type and differentiation, we found that rs9526814 was significantly associated with the efficacy of platinum-based chemotherapy in the recessive model. Compared with TT+TG genotypes carriers, individuals with GG genotype tended to be sensitive to platinum-based chemotherapy (OR=0.362, 95%CI=0.140-0.935, *p*=0.036). However, no statistically significant differences were found between other SNPs and chemotherapeutic response (Supplement Table [1](#T1){ref-type="table"}).

Association between SNPs and ATP7B expression level
---------------------------------------------------

Further, we aimed to explore whether the *ATP7B* SNPs had any regulatory effect on the expression level of ATP7B in NSCLC tissues. Additional 89 NSCLC patients were enrolled in the study. The clinical characteristics of the 89 patients were summarized in Table [5](#T5){ref-type="table"}. No significant association was observed between ATP7B expression and age, sex, clinical stage, histological type and differentiation. We further assessed the expression of ATP7B in 247 NSCLC tissues with SNP genotype data. Results showed that rs9526814 was significantly associated with the expression level of ATP7B. In the presence of rs9526814 TT+TG genotypes, ATP7B levels in NSCLC tissues were markedly increased than those with GG genotype (*p*=0.048) (Table [6](#T6){ref-type="table"}). We performed a bioinformatics analysis, and found that rs9526814 has been predicted to be transcription factor binding site. The *ATP7B* rs9526814 may lead to variation of its gene expression levels to drive platinum resistance. No significant association was observed between other SNPs and ATP7B protein expression (Supplement Table [2](#T2){ref-type="table"}).

Discussion
==========

In the current study, we investigated the interrelationships between *ATP7B* SNPs and protein expression, and their association with chemotherapy response in NSCLC patients. We found that ATP7B expression was associated with treatment outcome of platinum-based chemotherapy in NSCLC patients. In addition, SNP rs9526814 GG genotype tended to decrease ATP7B expression levels and acted as a potential biomarker to predict the sensitivity of platinum-based chemotherapy in NSCLC patients.

Up to now, multiple mechanisms have been proposed for platinum resistance, mainly including decreased cellular drug accumulation, enhanced drug inactivation, and increased DNA repair ability. Among these, intracellular accumulation of platinum drugs is an important determinant for their cytotoxic activity [@B25]. Copper efflux transporter ATP7B not only controls the elimination of copper ion, but also for the platinum-based antitumor agents. Previous studies have revealed that high ATP7B expression conferred resistance to platinum drugs in cells, while ATP7B knockdown partially reversed the resistance [@B26]-[@B30]. Furthermore, significant association between ATP7B expression and the efficacy of platinum-based chemotherapy was observed in several cancers including ovarian, colorectal, endometrial, esophageal, and oral sqamous cell carcinoma [@B10]-[@B14]. However, the clinical significance of ATP7B in NSCLC is still controversial. Inoue *et al*. evaluated the relationship between ATP7B mRNA expression and cisplatin sensitivity in 21 NSCLC patients, and found that ATP7B mRNA levels in cisplatin-resistant tumors were significantly higher than those in cisplatin-sensitive group [@B17]. Nevertheless, Chen *et al.* reported that overexpression of ATP7B was not associated with chemotherapy response and overall survival in 54 stage III NSCLC patients receiving platinum-based chemotherapy [@B16]. In the current study, we showed that individuals with ATP7B-negative tumors had improved chemotherapeutic response, as well as better survival in 158 NSCLC patients. The inconsistency may stem from differences in patient population, sample sizes and treatment modalities. Although the mechanisms by which ATP7B contributes to platinum resistance are not well understood, several hypotheses have been proposed including binding or sequestration of platinum drugs and facilitating the efflux of platinum drugs [@B7].

SNPs, at a specific base position in the human genome, can alter gene expression and protein functions. Studies have suggested that SNPs can influence drug transport, metabolism and cellular response, and lead to individual variations in terms of the response and toxicity [@B18], [@B31]. In spite of the wide investigations of ATP7B expression on platinum resistance, no *ATP7B* genetic polymorphism was identified to be associated with the efficacy of platinum-based chemotherapy in NSCLC patients. In this study, we observed that patients carrying rs9526814 GG genotype showed more sensitive to platinum-based chemotherapy than those carrying TG+TT genotypes. Moreover, the expression of ATP7B in tissues carrying GG genotype was significantly lower than those with TG+TT genotypes. However, the molecular function of rs9526814 has never been reported. We performed a bioinformatics analysis using SNP function prediction software (<https://snpinfo.niehs.nih.gov/snpinfo/snpfunc.html>), rs9526814 has been predicted to be transcription factor binding site. The rs9526814 T allele generates the potential binding sites for the MYB, CP2, BRCA and SZF11 transcription factors (TFs), while the G allele creates potential binding sites for EGR1 and PAX8 TFs (Figure [3](#F3){ref-type="fig"}). The SNP variation of rs9526814 may affect the affinity of TFs with *ATP7B*, which results in allele-specific gene expression.

Our study has several limitations. Firstly, larger multi-ethnic and multicenter studies are needed in the future due to modest sample size and lack of external validation in current study. Secondly, platinum-resistance is multifaceted, so it will be more valuable if combined with ATP7B and other factors to predict the sensitivity of platinum drug. Thirdly, the exact mechanism by which the SNP regulates ATP7B protein levels requires experimental verification.

In conclusion, our study showed that ATP7B expression was associated with treatment outcome of platinum-based chemotherapy in NSCLC patients. Additionally, SNP rs9526814 might act as a potential biomarker to predict the sensitivity of platinum-based chemotherapy in NSCLC patients. Mechanically, rs9526814 GG genotype could significantly attenuate ATP7B expression level.
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NSCLC

:   non-small cell lung cancer

SNP

:   single nucleotide polymorphism

CR

:   complete response

PR

:   partial response

SD

:   stable disease

PD

:   progressive disease

OS

:   overall survival

HR

:   hazard ratio

CI

:   confidence interval

OR

:   odd ratio

MAF

:   minor allele frequency

TFs

:   transcription factors.

![Representative picture of immunohistochemical staining for ATP7B expression in NSCLC tissues. (A) (a): ATP7B negative expression; (B) (b): ATP7B positive expression. Original magnification ×100 for A and B, original magnification ×400 for a and b.](jcav09p3532g001){#F1}

![Kaplan-Meier overall survival curves in 158 NSCLC patients treated with platinum-based chemotherapy. ATP7B-negative expression vs. ATP7B-positive expression.](jcav09p3532g002){#F2}

![The sequences of SNP rs9526814 T allele and G allele were shown. The consensus sequences for transcription factor binding sites were indicated by lines with the name of the factors.](jcav09p3532g003){#F3}

###### 

Clinicopathological characteristics with ATP7B protein expression in 158 NSCLC patients treated with platinum-based chemotherapy.

  --------------------------------------------------------------------------------
  Characteristics             All patients   ATP7B (+)\   ATP7B (-)\   *p* value
                                             n (%)        n (%)        
  --------------------------- -------------- ------------ ------------ -----------
  **All patients**            158 (100.0)    98 (62.0)    60 (38.0)    

  **Age**                                                              

  \<60 years                  80 (50.6)      51 (52.0)    29 (48.3)    0.651

  ≥60years                    78 (49.4)      47 (48.0)    31 (51.7)    

  **Gender**                                                           

  Male                        135 (85.4)     80 (81.6)    55 (91.7)    0.083

  Female                      23 (14.6)      18 (18.4)    5 (8.3)      

  **Histology**                                                        

  Adenocarcinoma              60 (38.0)      43 (43.9)    17 (28.3)    0.138

  Squamous cell carcinoma     95 (60.0)      53 (54.1)    42 (70.0)    

  Adenosquamous               3 (2.0)        2 (2.0)      1 (1.7)      

  **Clinical stage**                                                   

  II                          6 (3.8)        2 (2.0)      4 (6.7)      0.334

  III                         56 (35.4)      35 (35.7)    21 (35.0)    

  IV                          96 (60.8)      61 (62.3)    35 (58.34)   

  **Differentiation**                                                  

  Poor                        67 (42.4)      43 (43.9)    24 (40.0)    0.695

  Moderate                    74 (46.8)      46 (46.9)    28 (46.7)    

  Well                        17 (10.8)      9 (9.2)      8 (13.3)     

  **Chemotherapy response**                                            

  Responders                  64 (40.5)      33 (33.7)    31 (51.7)    **0.025**

  Nonresponders               94 (59.5)      65 (66.3)    29 (48.3)    
  --------------------------------------------------------------------------------

###### 

Univariate and multivariate analysis for overall survival in 158 NSCLC patients treated with platinum-based chemotherapy.

  Variables                 Univariate analysis   Multivariate Cox analysis                  
  ------------------------- --------------------- --------------------------- -------------- -------
  Age                                                                                        
  \<60 years                0.958                 Reference                                  
  ≥60years                                        0.931                       0.630-1.377    0.721
  Gender                                                                                     
  Male                      0.994                 Reference                                  
  Female                                          0.932                       0.533-1.629    0.805
  Histology                                                                                  
  Adenocarcinoma            0.167                 Reference                                  
  Squamous cell carcinoma                         1.066                       0.699-1.624    0.767
  Adenosquamous                                   3.051                       0.894-10.411   0.075
  Clinical stage                                                                             
  II                        0.866                 Reference                                  
  III                                             0.805                       0.305-2.123    0.661
  IV                                              0.929                       0.363-2.377    0.878
  Differentiation                                                                            
  Poor                      0.856                 Reference                                  
  Moderate                                        0.966                       0.640-1.456    0.867
  Well                                            1.140                       0.565-2.303    0.714
  ATP7B expression                                                                           
  ATP7B-positive            0.044                 Reference                                  
  ATP7B-negative                                  0.639                       0.424-0.962    0.032

HR: hazard ratio; CI: confidence interval.

###### 

The 15 gene polymorphisms examined in this study.

  SNP          Chromosome Position   Region      Alleles^a^   MAF^b^   Call Rate^c^ (%)   HWE *p* value
  ------------ --------------------- ----------- ------------ -------- ------------------ ---------------
  rs9563084    13: 52585993          Near 5UTR   G:A          0.486    95.9               0.012
  rs2277448    13: 52585548          5 UTR       G:T          0.407    94.6               0.053
  rs73184328   13: 52570395          Intron 1    A:G          0.290    96.6               0.687
  rs1801243    13: 52548140          Exon 2      A:C          0.461    95.3               0.091
  rs1801244    13: 52544805          Exon 3      G:C          0.493    95.3               0.613
  rs2147363    13: 52542796          Intron 3    G:T          0.489    95.3               0.736
  rs9526814    13: 52539526          Intron 4    G:T          0.358    100.0              0.155
  rs1061472    13: 52524488          Exon 10     C:T          0.393    94.6               0.723
  rs732774     13: 52523808          Exon 12     T:C          0.377    98.6               0.601
  rs1801249    13: 52515354          Exon 16     G:A          0.392    97.3               0.730
  rs2282057    13: 52511606          Intron 18   A:G          0.407    91.2               0.477
  rs1051332    13: 52507720          3UTR        T:C          0.323    97.3               0.849
  rs928169     13: 52507110          3UTR        C:G          0.388    93.9               0.592
  rs9535793    13: 52506762          Near 3UTR   G:A          0.403    97.3               0.730
  rs2031992    13: 52506372          Near 3UTR   C:T          0.330    99.3               0.852

^a^ Minor : major

^b^ MAF= minor allele frequency

^c^ Numbers may not add up to 100% of available subjects because of missing genotyping data.

###### 

Association between SNP and chemotherapeutic response in 158 NSCLC patients treated with platinum-based chemotherapy.

  SNP         Genotype   No. patients (%)   Additive    Dominant        Recessive                                           
  ----------- ---------- ------------------ ----------- --------------- ----------- --------------- ------- --------------- -------
  rs9526814   TT         26 (41.9)          39 (45.3)   0.711           0.155       0.841           0.613   0.362           0.036
              TG         22 (35.5)          38 (44.2)   (0.444-1.138)               (0.430-1.645)           (0.140-0.935)   
              GG         14 (22.6)          9 (10.5)                                                                        

CR: complete response; PR: partial response; SD: stable disease; PD: progressing disease; SNP: single nucleotide polymorphism; OR: odd ratio; CI: confidence interval.

###### 

Clinicopathological characteristics with ATP7B protein expression in 89 NSCLC patients who underwent surgical resection.

  ------------------------------------------------------------------------------
  Characteristics           All patients   ATP7B (+)\   ATP7B (-)\   *p* value
                                           n (%)        n (%)        
  ------------------------- -------------- ------------ ------------ -----------
  **All patients**          89 (100.0)     38 (42.7)    51 (57.3)    

  **Age**                                                            

  \<60 years                57 (64.0)      24 (63.2)    33 (64.7)    0.880

  ≧60years                  32 (36.0)      14 (36.8)    18 (35.3)    

  **Gender**                                                         

  Male                      45 (50.6)      21 (55.3)    24 (47.1)    0.444

  Female                    44 (49.4)      17 (44.7)    27 (52.9)    

  **Histology**                                                      

  Adenocarcinoma            45 (50.6)      23 (60.5)    22 (43.1)    0.240

  Squamous cell carcinoma   42 (47.2)      14 (36.8)    28 (54.9)    

  Adenosquamous             2 (2.2)        1 (2.7)      1 (2.0)      

  **Clinical stage**                                                 

  I-II                      38 (42.7)      20 (52.6)    18 (35.3)    0.102

  III-IV                    51 (57.3)      18 (47.4)    33 (64.7)    

  **Differentiation**                                                

  Poor                      30 (33.7)      14 (36.8)    16 (31.4)    0.712

  Moderate                  34 (38.2)      15 (39.5)    19 (37.2)    

  Well                      25 (28.1)      9 (23.7)     16 (31.4)    
  ------------------------------------------------------------------------------

###### 

Significant correlation between SNP and ATP7B protein levels.

                 rs9526814                                                
  -------------- ----------- ----------- ----------- ------- ------------ -----------
  **ATP7B(+)**   15 (40.5)   54 (54.0)   60 (62.5)   0.069   114 (58.2)   **0.048**
  **ATP7B(-)**   22 (59.5)   46 (46.0)   36 (37.5)           82 (41.8)    

\*GG vs. TG/TT
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